We propose and experimentally demonstrate a chirp-free carrier-suppressed optical pulse generator using a cost-effective approach. The proposed 80-GHz carrier-suppressed optical pulse generator consists of two cascaded cascade 20-GHz clock-driven dual-drive Mach-Zehnder modulators.
Introduction
Return-to-zero (RZ) and carrier-suppressed return-to-zero (CSRZ) optical pulses are widely employed for both on-off keying (OOK) and differential phase-shit keying (DPSK) systems in high-speed optical transmission systems. Optical pulses are usually generated by a half-rate clock driven Mach-Zehnder modulator [1] or a halfrate clock driven phase modulator followed by delay interferometer [2] . Compared with the actively modelocked laser, these approaches are cost-effective and flexible in configuration. However, for the clock-driven modulation based schemes, the achievable repetition rate of pulse source is limited by the available electronic devices. In this paper, we propose and experimentally demonstrate a cost-effective 80-GHz CSRZ optical pulse generator using two cascaded dual-drive Mach-Zehnder modulators (DD-MZMs) driven by clock with quarter of pulse repetition rate only. Instead of using a 40-GHz clock driven Mach-Zehnder modulator, the proposed scheme is cost-effective and scalable to high repetition rate pulse generators. Normally, to generate CSRZ optical pulses, a DD-MZM is biased at minimum transmission and driven by sinusoidal RF half-rate clock. The peak driving voltage of modulator is twice of V π . The resulting CSRZ pulses have 67% duty cycle, with a π-phase shift between adjacent pulses. However, the repetition rate of CSRZ pulses is limited by the available electronics. The proposed high-speed cost-effective CSRZ pulse generator is illustrated in Fig.1 . It consists of two cascaded DD-MZMs. Here, we assume the repetition rate of generated optical pulse is R. Each of them is configured as a 67% CSRZ optical pulse generator driven by clocks (a clock or clocks) at rate of R/4, as shown in Fig. 2 (a) (b) . After the first DD-MZM, the input CW light is pulse-carved to 67% CSRZ pulse train with rate of R/2. Then the generated pulses are re-modulated by the following DD-MZM with relative time offset of 1/R. As shown in Fig. 2(c) , the repetition rate of resulting pulses is doubled to R. With the overlapping of the cascaded intensity and phase modulations, the alternative π phase shifting is still preserved. Thus, the generated optical pulse source is still with suppressed carrier. Therefore, CSRZ optical pulses are successfully generated by using DD-MZM driven by clock with rate of only R/4. Fig. 3 . For comparison, a 40-GHz CSRZ pulse train with around 11-ps pulse-width obtained after only one-stage modulation is also illustrated. The optical spectrum of the generated 80-GHz CSRZ optical pulses is measured and shown in Fig. 4 . More than 20-dB carrier suppression is observed in the spectrum of generated 80-GHz optical pulses.
Operation principle

Experiment and result
Conclusion
We experimentally demonstrated a cost-effective 80-GHz CSRZ optical pulse generator using cascaded DDMZMs. With the overlapping of the phase and intensity modulations, 80-GHz CSRZ optical pulses with ~5-ps pulse-width are successfully obtained. The employed modulators are driven by RF clocks with repetition rate of only 20 GHz.
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